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Abstract

Multi-spectral imaging radiometry of the night sky provides essential information on light pollution (skyglow) and
sky quality. However, due to the different spectral sensitivity of the devices used for light pollution measurement, the
comparison of different surveys is not always trivial. In addition to the differences between measurement approaches,
there is a strong variation in natural sky radiance due to the changes of airglow. Thus, especially at dark locations, the
classical measurement methods (such as Sky Quality Meters) fail to provide consistent results. In this paper, we show
how to make better use of the multi-spectral capabilities of commercial digital cameras and show their application for
airglow analysis. We further recommend a novel sky quality metric the ”"Dark Sky Unit”, based on an easily usable and
SI traceable unit. This unit is a natural choice for consistent, digital camera-based measurements. We also present our
camera system calibration methodology for use with the introduced metrics.
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1. Introduction

Light pollution is a form of environmental pollution
that is increasing annually in area and brightness [1] and
that requires reliable techniques for monitoring [2]. Mod-
ern commercial digital single lens reflex (DSLR) and mirror-
less (MILC) cameras provide a viable opportunity to mon-
itor the quality of the night sky and light pollution [2].
Cameras that are able to save images in raw format can
be calibrated to measure the radiance of the sky, and the
image converted to false colour that represents the distri-
bution of sky brightness [3, 4, 5, 6]. These imaging devices
are superior to other techniques such as widely used single
channel devices e.g. the Sky Quality Meter (SQM). How-
ever, there are still several drawbacks for imaging systems
used in light pollution monitoring:

e limited spatial resolution, particularly near the hori-
zon,

e limited multi-spectral functionality,

e a missing SI traceable unit for dark skies.

Most of the results presented in the recent literature
are based on all-sky measurements obtained with fish-eye
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lenses. Usually, these lenses provide the necessary reso-
lution for most of the sky, particularly near zenith. Un-
fortunately, a single all-sky image lacks the resolution and
precision close to the horizon, the region of the sky that
is normally most interesting for light pollution research.
A simple compromise is to take two or multiple fish-eye
images in the vertical plane [7]. However, for the highest
precision at dark locations and at clear sky conditions it is
preferable to rather use a robotic panorama head with a
rectilinear lens on a digital camera. For example, a 24 mm
lens on a 35mm full-frame camera covers the whole sky
and some of the ground and environment with 28 indi-
vidual images taken at different pointing directions with
high spatial resolution. Since the large aperture lenses and
the sensitivity of the camera make it possible to use 6-10
second exposure times, it is possible to perform all the
measurements for a whole sky image in 10-15 minutes at
a given location. This duration includes the setup of the
system, in most cases the actual measurement takes only 5
minutes. The short exposure time provides images with no
star tails. In addition, the apparent rotation of the sky is
negligible during the measurement. However when higher
precision is necessary in azimuth and elevation of the given
pixel, a correction is available based on astrometry. The
above mentioned procedure provides a very high spatial
resolution together with high accuracy and efficiency.
The existing imaging measurements methods are cali-
brated by different methods and by different reference tar-

June 6, 2020






